FEATURE 8. PURCHASE EXISTING GROUND WATER RIGHTS
Description

There exists some potentia to purchase ground water from willing sdllers and trandfer, or re-
appropriate, the ground water to municipa use. For this estimate, re-gppropriation is consdered to
involve the purchase of theirrigated land and therefore the water right. Thisirrigation weter right may
need to be “abandoned” and the new owner (a municipality or water department) will apply for anew
permit near the same point of diverson as the former irrigation permit, but under municipa use. A new
well will beingdled for municipa withdraws throughout the entire calendar year. Thisestimateis
provided for cost and quantity purposes to evauate this festure. The aquifers consdered here are the
larger onesthat support afairly large number of irrigation withdrawas. This estimate does not include
new gppropriations above the exigting amounts. A pipeline layout, based on a somewhat random
purchase of irrigation water permits, has been completed to provide some magnitude of costs on the
collection and transmission of the ground water to the city area. The delivery point is considered to be
the river channd just upstream of existing municipa diverson gtes. Collection pipelines have been
szed for cumulative flow collection from new extraction wells constructed on the lands within the
ownership boundaries of purchased irrigation rights.

The Sheyenne Delta Aquifer

The Sheyenne Ddta Aquifer isone of the largest surficid aguifersin the Red River Vdley. Its
thickness, lithology, and hydrology are described in the attached SWC memo. Two of the significant
properties of this aquifer are the shdlow water table, and the sandy surface soils which enhance the
aquifer recharge. The Sheyenne National Grasdands cover alarge surface area of the aquifer, and the
existence of the threatened western prairie fringed orchid presents a specid set of challenges when
consdering future ground water withdrawals from the area. 1t is dso important to note that this aquifer
helps maintain, and in fact enhances, the flows of the Sheyenne River through the aquifer area. The
Sheyenne River between Lisbon and Kindred has been shown to be a gaining reach of river dueto the
inflow of groundwater from the Sheyenne Delta Aquifer (Paulson, 1964). One study measured
increases of river base flow between 15.1 and 28.8 cfs from October through February. Other
estimates of discharge to the Sheyenne River (Armstrong, 1982) are from 1 to 3 inches of the annua
aquifer recharge, which resultsin an estimated discharge volume from 40,000 to 120,000 acre-feet per
year. Thisisdgnificant in that proposas to increase ground water withdraws to serve municipa or
indudrid gtes may diminish existing river flows.

The aguifer and geologic conditions could aso be further investigated to determine an expected yield
limit for the Sheyenne Ddta Aquifer. The sandy loam surface soils of the aguifer have fairly high
permegbility and therefore readily accept rainfall infiltration. Based upon this soil type, Radig, March
1994, usesthe generd estimate for aquifer recharge of 4.2 inches per year. The amount of recharge
has been estimated to be as high as 8 inches per year (Armstrong, 1982) and aslow as 3.05 inches per
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year (COE, 1985). Future investigations could address both natural and artificia recharge of the
aquifer. Use of artificid recharge, however, would require first alowering of the water table to create
some aquifer storage space, and then awater source to be used to recharge the aquifer. The results of
the HY DROSS model s indicate that during an extended drought there is no available excess water in
the Sheyenne River basin, and without either additiond surface storage or imported water, a supply for
recharge would not be available except for short duration higher flows during spring runoff.

Existing Aquifer Uses

Information from the database of groundwater permits for the Sheyenne Delta aquifer show annua use
and permitted withdrawa rates for individua wells. Asof 1998, thetota of dl existing irrigation
permits from the Sheyenne Delta Aquifer amounts to an appropriation of 18,982 ac-ft annudly. This
amount of annua withdraw for irrigation purposes takes place sometime during the May through
September time frame. An additional 1,300 ac-ft per year has been appropriated for rural water
sysem wells.

Additiona ground water discharge takes place through direct evaporation from surface depressons that
intersect the water table and through transpiration of plants that have access to moisture provided by
the aquifer. Thereisno estimate for this evgporation and transpiration, however, due to the shalow
water table and sandy surface soil, it is assumed to be a sgnificant amount. Hydrographs of the
ground water levels are available only for alimited recent time period. They show seasond fluctuation
with water generaly between 2 and 15 feet from the ground surface. No declining trends are evident,
which indicates that for the recent (non-drought) conditions, annua discharge and recharge are
baancing. The following hydrograph shows that since 1992 the aquifer at thislocation has been
experiencing increasing ground water sorage. This hydrograph does not depict conditions for the
entire aquifer system, nor doesiit give any indication what would happen during a sustained drought.
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Future Patential New Permits

New aquifer pumping permits would require site specific proposas and studies to evauate any potentia
negetive impacts on the existing permit holders. Additiona impacts to the Sheyenne Nationd Grasdand
and the habitat for the western prairie fringed orchid would also need to be assessed. Due to the recent
difficulty surrounding the conditiona gpprova of additiond new water permits for rurd water use, the
likelihood of obtaining an entirely new ground water use permit of any substantid szeisdim.

Therefore, the future utilization of Sheyenne Dedlta aquifer water for municipa purposes will be
estimated based upon purchase of exigting irrigated land and water rights and the transfer of that useto

municipa purposes.
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Transfer of Existing Irrigation Permits

The potentid transfer, or regppropriation, of irrigation water to municipa water was considered through
a“willing sdler” type of an gpproach. The amount of ground water that might be made availableis
esimated as follows:
1) Assumethe"willing sdller" gpproach would be successful only with grester than market
vaue land purchase offers
2) Assume 33% would be willing to sdll their irrigated land and the water rights (1 out of 3
landowners) at 150% of market value
3) Assume municipa buyers would only be interested in larger irrigation gppropriations (150
ac-ft per year or more) for withdraw and conveyance consolidation
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4) Assumetheirrigation to municipa transfer or regppropriation to be 60% of the existing
irrigation appropriation

The irrigation gppropriations of the Sheyenne Delta aquifer, for individual permits of 150 ac-ft per year
or more, correspond to atotal of 9,655 irrigated acres. These acres have atotal ground water
gppropriation amount of 14,165 ac-ft per year. Therefore, the average annua appropriation for these
irrigation rightsis 1.47 ac-ft per acre. Assuming 33% of this land could be purchased, the resulting
irrigation acreage available for transfer would then be 3,215 acres. The estimate for the ground water
appropriated to these acresis 4,726 acre feet per year (3,215x1.47), however, this water would not
directly trandfer to amunicipa permit. The reduction in appropriation for the transfer of irrigation use to
municipa useis expected for severa reasons. Irrigation users seldom actualy use more than 50-60%
of their gppropriated amount, therefore the actual managed withdraw on the aquifer is much less than
the full appropriated amount. Municipa pumping represents a more steedy monthly groundwater
withdrawa which would not vary with wet and dry dimatic cycles as much as agricultura useswould.
This reduction percentage has not been established since there has not been any completed case of this
type of water transfer within the State of North Dakota. The reduction is expected for the purposes of
long term sustainable management of the aquifer sysems for the benefit of their various users. The
transfer reduction (assumed 60% but could likely be less) would result in a net ground water supply
avallable for municipa uses of 2,835 acre-feet per year. This 60% transfer amount is established asthe
maximum annual withdrawa and the actuad use by the municipaity could be less, depending upon the
demands of the year. This 2,835 ac-ft could be collected and transported to the Fargo/West Fargo
area or utilized localy by the rura weater systems.
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An estimate has been completed to determine the cost of purchasing one-third of theirrigated land
based on a somewhat random selection of existing larger permits. The estimate shows the generd
magnitude of cost for land purchase, wel ingtdlation, pumping, collector piping, booster pump, and
transmission piping to the Sheyenne River a Horace. The result of this exercise shows that an annud
yield of approximately 2,600 ac-ft could be expected at a maximum flow rate of about 1,750 gpm.

Estimates have not been completed to provide water directly into the Fargo treatment plant, but rather
to the Sheyenne River near Horace. Water added to the river flow at thislocation has arelatively short
distance to flow to the Fargo pump diversion. Future study must include some water quaity and
compatibility andyss, however, for thislevel of estimate the groundwater is assumed to be compatible
with the surface water and the operations of the existing Fargo water trestment plant. This assumption
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has been made since ground water from the Sheyenne Delta Aquifer current flows into the Sheyenne
River under natural conditions.

Using the future 2050 low and 2050 high population projections for the rura water systems, the amount
of water needed to meet the projected 2050 shortages of Southeast and Cass Rura Water System
ranges from 2,058 to 3,270 ac-ft per year. Based upon the above assumptions, this shortageisin the
range that could feasibly be met by willing sdlers and water rights transfers, or regppropriation, in the
Sheyenne Ddta aguifer. Since the exigting rura water systems utilize ground water for their supply,
they could expand into this ground water supply as their need grows. Thiswater supply would not
require achange in treetment methods and techniques used by the rurd water syslem which would be
necessary if they were to expand and use a surface water supply. The cost of the land purchases, new
wells, collector piping, and a storage reservoir can be used to determine arelative cost of this feature.
The cost of expanson of the rural water system treatment plant has not been determined.

The Page/Galesburg Aquifer

The lithology and hydrology of the Page/Gaesburg aquifer system are described in the attached SWC
memo. Thisaquifer islocated in an areawhere it could be utilized by the larger municipa area of
Fargo, and West Fargo. Currently, Traill County Rural Water and Cass Rural Water are using the
aquifer for awater supply. Irrigation development has been somewhat limited to the aquifer areas that
are capable of larger well yidlds. Estimates of the amount of recharge range from 1 to 3 inches per
year over the 400 square mile surface area.

Existing Aquifer Uses

Asof 1998, irrigation gppropriations from the aquifer total 15,240 acre-feet per year. Municipa and
rural water appropriations total 1,146 acre-feet per year. For the purposes of this study, these existing
uses are assumed to continue. During adrought period, some water level declines would be expected,
however, subsequent wet years would be expected to refill the aquifer. Cass Rurd Water and Trall
County Rurd water have wdlsin this aquifer and treat and ditribute this water to their cusomers.

The following hydrograph displays the seasond fluctuations of the water levels & one location, and
shows the aquifer response to increased annua precipitation since 1992. The hydrograph represents
only onelocation in the aguifer system, however, other hydrographs show smilar cydicd fluctuations
and do not indicate long term declining trends that would be associated with over-use of the ground
water supply.

Future Patential New Permits

An indication of the amount of ground weter available in the aquifer can be gained by comparing the
amount of annua recharge to existing appropriations. Using a conservative estimate of 1 inch of
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recharge per year over the entire 400 square mile surface area, the annua recharge would be 21,330
ac-ft. This could be compared to the existing appropriations of 16,385 ac-ft. Thisis not an estimate of
"safeyidd,” but does provide an dementary comparison of the amounts gppropriated and the amount
of annud recharge in the aguifer (77%).

Water rights transfers or regppropriation rather than new permits could be considered for the
Page/Gaesburg aguifer system. Using the same assumptions given for the Sheyenne Ddlta aguifer, a
potentia of 4,400 irrigated acres could be considered as “willing sdller” purchases. This acreage would
provide a potential water right transfer or regppropriation to municipa use of 1,900 ac-ft. This ground
water could be considered for collection and transfer to the Fargo/West Fargo municipa areaor for
trandfer to the rura water system currently using this aquifer.

Page Aquifer
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The rura water didricts that use this ground water will likely gpply for future expansion of their ground
water appropriations, as their needsrequire. Cass Rurd Water future shortages are in the range of
1,560 to 2,420 ac-ft per year. Part of this shortage could occur in the areas close to the Page aquifer
and it would belogicd for their expangons to include future additiona ground water from the Page
aquifer. The Dakota Water Users are projected to have future shortages between 620 and 880 ac-ft
per year. Dakota Water Users have existing wells in the Page aquifer and would likely be expected to
request future expansion in the aguifer astheir need grows. Traill County Water Users have wdlsin the
Page aquifer and have a projected future shortage of 60 ac-ft per year. Thisamount of water would
again be easlly expected from the Page aguifer either through anew well or an increase in production
from existing wells. These three rurd water systems could creste a future demand between 2,240 to
3,360 acre-feet. Thisdemand represents an increase of 14% to 20% over the total current annual
appropriations of the aquifer if new permits are being considered.

The Page/Gdesburg aquifer could likely provide some additiona future water supply. Thiswould
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require some ste specific investigations to develop production wells in locations that would not unduly
impact other existing users. The aquifer is generaly more suited to provide rura water sysemswith
added water than it would be for the Fargo/West Fargo municipa area. A cost estimate for transfer or
regppropriation has been completed and includes multiple wells, collection pipelines, and transmission
pipdines to the Fargo/West Fargo municipd.
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The Elk Valley Aquifer

A generd description of the lithology and hydraulic properties of the EIk Vdley aguifer isgiveninthe
attached SWC memo. Thisaquifer islocated in the north centra part of the Red River Vdley. This
location makes access to the Fargo municipal arealess of apossihility for afuture water supply source.
However, there is the possibility of supplying additiond ground water to locdl rura water systems or

ENGINEERING APPENDIX - 12/14/99 200



some water to the city of Grand Forks in exchange for water stored in Lake Ashtabula. This exchange
would alow Grand Forks to utilize ground water and release an equa amount of its Sorage water to be
used by Fargo or other cities that have a severe shortage.

Existing Aquifer Uses

The primary user of the EIk Valey aguifer isirrigation. At the end of 1998, irrigation permits total
15,635 ac-ft per year and an additional 2,904 ac-ft per year are appropriated to municipa and rural
water uses. Two rurd water systems and severa smdl individuad communities utilize the Elk Valey
aquifer. Thefallowing hydrograph shows an example of the general ground water fluctuationsin the
aquifer during recent years a one location.

Future Potential New Permits

As noted in the SWC memo, there are additiona requests pending for irrigation gppropriations. These
requests would be first in line for new gppropriations. The two rurd water sysems using the Elk Valey
aquifer are Grand Forks-Traill and Tri-County Water Users. The estimated future combined shortages
for these two systems ranges from 1,490 to 3,020 ac-ft per year. To meet these shortages with
additiond withdrawds from the Elk Vdley aguifer would require an increase in ground water
appropriation from 8% to 16% per year. Due to the sSze of this aquifer, and the amount of existing
appropriation, the SWC memo indicates that it would not be a good candidate for future municipa
withdrawas. Further investigation would be needed to determine if the aquifer would be able to sustain
expansion to supply future additiona water to the rurd water systems.  Future studies could include
modeling to help determine the impact of a drought period on the ground water supply.

Elk Valley Aquifer
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Elk Valey Aquifer

Potentia water rights transfers or reappropriation rather than new permits could be considered for the
Elk Vdley aguifer system. Using the same assumptions given for the Sheyenne Ddlta aquifer, 5,500
acres could potentidly be consdered as “willing sdller” purchases. This acreage would provide a
potential regppropriation or transferred to municipal use of about 3,000 ac-ft per year. An estimate of
cost has been made for the withdraw and collection of this amount of water. An estimate has aso been
made to include atransmission line to the Grand Forks municipa area. Due to the location, amount of
water available, and the transmisson cog, the aquifer is generdly more suited to provide rurd water
systems with added water than it would be for the Grand Forks municipa area.
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TheFordville Aquifer

The Foradville agquifer isamuch smdler aguifer than the Sheyenne Ddlta, Page, or Elk Vdley aguifers,
and islocated on the north end of the Elk Valey aquifer. (See Aquifer Location Map). All but one of
the exigting observation wells show stable or dightly risng ground water levels snce 1990. These
indicate that existing uses, under the conditions since 1990, are not depleting the aquifer.

Existing Aquifer Uses

Walsh Rurd Water and the city of Minto are using this aquifer for their municipa supplies. Only one
irrigation permit islisted for atotd of 201 ac-ft. At the end of 1998, the total appropriation from this
aquifer is 1,590 ac-ft per year. The following hydrograph shows generd ground water fluctuations at
one location during a recent time span.

Future Patential New Permits

Dueto the rdaively smdl size, and the amount of existing municipa use, new permits would require
some Ste pecific investigation in order to protect the existing users. Walsh Rural Water has projected
future shortages that range from alow of 80 ac-ft to a high of 200 ac-ft per year. This shortage could
be met by an expansion of 5% to 12% of the existing Fordville aquifer gppropriations.

The Fordville aquifer could likely provide the needed water supply for the future needs of Walsh Rura
Water. Additiona studiesto determine the aquifer reaction to existing and future uses, and a drought
scenario could be included with any future computer modeling. Identification of the amount of aquifer
recharge could aso be attempted in follow-up studies.
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Thelnkster Aquifer

The generd lithology and hydraulic characterigtics of the Inkster aguifer are given in the atached SWC
memo. Thisaquifer isfarly smdl and is aso located in the north centrd part of the Red River Vdley.
The size of the aguifer is given as 12 to 15 square miles, which is an area of gpproximately 8,300 acres.

ENGINEERING APPENDIX - 12/14/99

204



Inkster Aquifer
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Existing Aquifer Uses

At the end of 1998 the aquifer gppropriations total 3,590 ac-ft for dl irrigation and rurd and municipa
water. When compared to the aquifer area of about 8,300 acres, this correspondsto an average
annud recharge of 5 inches of infiltration. Thisisin the range of the annua recharge estimated for the
Sheyenne Ddlta aquifer (3 to 8 inches).

The Agassiz Water Users have ground water supply wellsin the Inkster aquifer. The following
hydrograph shows ground water fluctuations at one location in the aquifer.

Future Patential New Permits

The smdl size, and the amount of existing annua gppropriation, makes this agquifer apoor candidate for
potentiad new permits. The projected future shortages for Agassiz Water Users are from 3 to 50 ac-ft
per year. Thiscould be met by future appropriations of about a 1% increase over the total current
gopropriations. Thisisardativey smdl amount of additiona water, however, due to the amount of
water currently gppropriated from the aquifer, future Ste specific investigations would likely be needed.

Thisaquifer is not acandidate for future water supply expansons. The possibility of an additiona
alocation for Agassiz Water Users should be considered as their need grows. Future studies or
follow-up investigations could be conducted to determine the overdl impact of the existing and future
ground water withdrawals. These future studies could include some numeric modeling to determine
ground water supplies under adrought condition scenario.
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Rural Water System Supply

Rura water system supplies are discussed in more detall here because they are al (with the exception
of Langdon) ground weter dependent. The rurd water systems have multiple wells a

various locations and even in different aguifer sysems. The rurd water systems were not included in
the HY DROSS modding since HY DROSS is a surface water model.  Future predictions have been
made for the rurd water service areas, and those future demands were compared to existing water
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permit appropriations. Where the future estimated demand was greeter than the existing appropriation,
ashortage has been ligted. It has been assumed that the rurd water providers will be able to utilize their
total water right appropriation.

The estimated future service for the rural water sysemsis based on expangon to serve dl of the
population within their boundary. Since the estimated future popul ations have been based on a"high"
and a"low" estimate of growth in the Phase 1, Part A report, the estimates for the future rura water
needs dso contains ahigh and alow estimate. The estimates for theindividua rurd water system
shortages are asfollows:

Table8.1
Shortage Estimate

Rural Water System 2050 Low Shortage Estimate 2050 High Shortage Estimate
Acre-Feet per Year Acre-Feet per Year
Agassiz Water Users 3 51
Barnes Rural Water 0 0
Cass Rural Water 1,558 2,418
Dakota Water Users 622 875
Grand Forks-Traill Water 1,093 2,551
Users
Langdon Rural Water 214 320
North Valey Water Ass... 0 0
Southeast Water Users 500 852
Traill County 63 63
Tri-County Water Users 397 468
Walsh Water Users 83 199
Ransom Sargent 251 299
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Surface water supply and shortage predictions have been completed using the HY DROSS model
amulations. Shortage datafrom dl HY DROSS smulation runs is summarized as follows

Table8.2
HYDROSS Shortages

Run Name M & | Total Shortage, 2050H Rural Water plus

Ac-Feet M&I
RIMRS50 0 8096
RCKMFEQOR 0] 8060
RCKMHOR (0] 8096
RCNIMRF 12730 20826
RCN19FQ 13330 21426
RCNKINF 13450 21546
RCNKME 13750 21846
RCKMEOR 15150 23246
RIMRFS0 16020 24116
R19F50 16360 24456
RIMPS50 16360 24456
RKINSOE 16360 24456
RKINS0E 24610 32256
RCN19EQ 27320 35416
RCNMAPE 27460 35556
RCONOQO 28650 36746
RMAPS0F 37560 45656
RMAPS0E 37560 45656
RCONS0 37750 45846
ROOK 50 43000 51096
R19FER0 43600 51696
RIRR50C 42960 51056
RRUCS50A 47470 55566
R30K50 47800 55896
PR0K 50 74420 82516

The fourth M&| shortage listed (12,730 acre-feet) represents shortages at Moorhead, West Fargo,
and New Industry 3 and 5. This can be used to compare the magnitude of M& | shortage with the
previous table of rura water shortages. Combining this shortage with the projected shortages for Cass
Rurd Water, Southeast Water Users, and Ransom-Sargent Rurd, the totad unmet demand isin the
range of 15,040 to 16,300 acre-feet. At this point, it is questionable whether an added 15,000 to
16,000 acre-feet is practical as a stand aone ground water supplementa supply. For comparison, the
current total annual appropriations from the mgor agquifersin the Red River Valey are: 19,896 ac-ft
from Sheyenne Délta; 18,539 ac-ft from Elk Vdley; 19,000 ac-ft from Spiritwood (that portion in the
Red River Vdley); 16,385 ac-ft from Page/Galesburg; 3,586 ac-ft from Inkster; and 1,791 ac-ft from
the Fordville. An extensve and detailed study of the impacts of that Sizeable additiona ground water
withdrawa would be needed in order to determine any potentia feasibility.
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For this estimate, the following aquifers have been consdered for potentid rurd or municipd water
supply augmentation.

Spiritwood Aquifer 6,660 ac-ft from new appropriations

Sheyenne Ddta Aquifer 2,600 ac-ft from irrigation transfers

Page/Gdesburg Aquifer 1,940 ac-ft from irrigation transfers

Elk Valey Aquifer 3.000 ac-ft from irrigation transfers
Totd 14,200 ac-ft per year

Summary and Conclusions

The amount of ground water that could become available for future rural and municipa purposes has
been edtimated, but only after consideration of several sgnificant assumptions. The assumptions were
necessary in order to “narrow” the range of possibilities and unknowns. These assumptions dlow for a
rough estimate of the amount of ground water that may be available to offset these identified future
shortages. The assumptions also alow some degree of cost estimation that can be used when
comparing these types of future water supplies with other water supply festures.

The shortage predicted for the municipalities cannot be fully met by aquifer pumping done. Therefore,
optional water supplies must be considered in order to provide the year 2050 water supply. The
location of the ground water aquifers, and costs associated with this supply, such astranamission lines
and water trestment needed, lead to the conclusion that the aquifers could best be utilized by the rurd
water systems.
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The combined aguifer supply and rurd water systems shortage needs can be estimated as.

Aquifer and “Available Water”

Sheyenne Delta Aquifer
water available from transfer or
regppropriation:

2,600 ac-ftiyr

Page/Galesburg Aquifer
water available from transfer or
regppropriation:

1,940 ac-ft/yr

Elk Valley Aquifer

water available from trandfer or
regppropriation:

3,000 ac-ft/yr

Spiritwood Aquifer

water avalable from new wel fidd:

6,660 ac-ft/yr

Sheyenne Ddta Aquifer - could be utilized by Cass Rurad Water (1,450 ac-ft) to meet part of its

Rural Water Year 2050" High” Shortage

Cass Rurd Water = 1,450 ac-ft
Southeast Water Users = 850 ac-ft
Ransom-Sargent Rurd Water = 300 ac-ft
Combined Future Need = 2,600 ac-ft/yr
Badance = -0-

Cass Rura Water = 970 ac-ft

Tralll Rurd Water = 60 ac-ft
Tri-County Rura = 460 ac-ft

Combined Future Need = 1,490 ac-ft/yr
Baance = 450 ac-ft/yr

Agassiz Rurd Water = 50 ac-ft
Langdon Rurd = 320 ac-ft

Walsh Water Users = 200 ac-ft

Grand Forks-Traill = 2,550 ac-ft
Combined Future Need = 3,120 ac-ft/yr
Baance = -120 ac-ft/yr

Dakota Rura Water = 875 ac-ft
Baance = 5,785 ac-ft/yr

shortage, Southeast Water Users (850 ac-ft), and Ransom Sargent (300 ac-ft). This egquasthe 2,600
ac-ft estimated to be available from irrigation water rights purchase.

Page/Gaesburg Aquifer - could be utilized by Cass Rura Water(970 ac-ft) to meet the balance of its
shortage, Traill (60 ac-ft), and Tri-County Rurd Water (460 ac-ft). This combination uses 1490 ac-ft
of the estimated 1940 ac-ft that may be available from transfers or regppropriation. Therefore, 450 ac-

ft of irrigation water right would not be required for purchase, or could be consdered available for

small industrid purchase and use.

Elk Vdley Aquifer - could be utilized by Agassiz (50 ac-ft), Langdon (320 ac-ft), Walsh (200 ac-ft),
and Grand Forks-Traill (2,550 ac-ft). Thistota supply to rural water is 3,120 ac-ft per year. Thisis
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dightly over the estimate of 3,000 ac-ft available. However, the shortages listed for each rura water
system are the high end demand estimate, so with only dightly less growth, or increased conservation
measures, it could be sufficient to meet the shortage.

Spiritwood Aquifer - could be utilized by Dakota Rurd Water (875 ac-ft). This potentialy leaves
5,785 ac-ft available that could be provided to amunicipa area or used to support afuture
commercid/indudrid Ste. The estimated demand used for each future agriculturd processing plant is
6,000 ac-ft per year under full demand and 5,100 ac-ft per year using a conservation demand.
Therefore, the Spiritwood Aquifer could be considered to make up the future shortages of Dakota
Rurd Water and future industria plant 5.
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North Dakota State Water Commission

900 EAST BOULEVARD - BISMARCK, ND 58505-0850 - 701-328-2750 - TDD 701-328-2750 - FAX 701-328-36%

WATER APPROPRIATION DIVISION
(701)328-2754

May 10, 1995

Mr. Roger Burnett

Bureau of Reclamation

P. 0. Box 25007

Building 67, Denver Federa Center
Denver, CO 80225-0007

Dear Mr. Burnett:

In response to your letter of April 18, 1995, 1 am enclosing copies of the appraisals of the mgor aguifers occurring in
the Red River Valey. They include the Sheyenne Delta, West Fargo, Wahpetorn/Colfax, Gaesburg/Page, Elk Vdley,
Inkster, Grand Forks, and Emerado.

If you have questions regarding thisinformation, please fed freeto cal or write.
Sincerdly yours,

Milton O. Lindvig, Director
Water Appropriation Division

MOL:mb/237 Endl.

GOVERNOR EDWARD T.
SCHAFER

CHAIRMAN

DAVID A. SPRYNCZYNATYK, P.E.
SECRETARY & STATE ENGINEER
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Wahpet on Buried Valley Aquifer

The Wahpeton buried valley (VWBV) aquifer is located in the
nort heast portion of Richland County in southeastern North Dakota. The
ancestral streamthat eroded the Wahpeton buried valley entered North
Dakota fromthe southeast about 2 m north of the city of Wahpeton and
exited north of the city of Abercronbie. The WBV aquifer underlies about
16 m 2 between the cities of Wahpeton and Abercronmbie and is conprised
of fluvial deposits of sand and gravel between 140 to 300 ft bel ow t he
ground surface. Water fromthe WBV aquifer is a cal ci um magnesi um
bi carbonate type with an average total dissolved solids of about 650

ng/ L.

The Wahpet on sand plain (WSP) aquifer overlies the WBV aquifer and
consi sts of outwash deposits of silt, sand, and gravel between 80 to 140
ft below the ground surface. The areal extent of the WSP aquifer is
wi der than the WBV aquifer and in sonme |ocations there is direct
hydraulic connection between the two aquifers.

The maj or water users fromthe WBV and WSP aqui fers include the
cities of Wahpeton and Breckenridge and the M nn-Dak Farners
Cooperative. Currently, 4 water permts allocate an annual w thdrawal of
2480 acre-ft of ground water fromthe WBV and WSP aquifers for nunicipal
and industrial use. This does not include an annual w thdrawal of about
500 acre-ft of ground water for rnunicipal use by the city of
Breckenridge. There is potential for additional devel opnent within the
WBV and WSP aqui fers. However, future developnent is limted by the
exi sting water rights and a pending water permt application for a
significant volume of ground water for industrial use.

Col fax Aquifer

The Col fax aquifer is located in the northeast portion of Richland
County and consists of buried outwash deposits of nedium and coarse sand
about 150 ft below the ground surface. Hydraulic properties of the
Col fax aquifer are not known. However, nmany wells near the cities of
Gl chutt and Col fax have consi derabl e head and many flow. Water fromthe
Col fax aquifer is a sodiumsulfate type with total dissolved solids of
about 2400 ng/L. The chem cal character of the water indicates hydraulic
connection with the underlying Dakota Sandstone.

There are no nmpj or water users fromthe Col fax aquifer. However,
future developnent is limted by the poor chem cal quality of the ground
wat er .
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Emer ado aqui f er

The Enerado aquifer is a buried outwash aquifer which underlies
about 15 square mles. It is conposed of several feet of nediumto
coarse sand interspersed with the glacial till.

The Enmerado aquifer is confined by glacial till to a depth of about
50 to 80 feet. The static piezonetric surface is typically about 10 to
20 feet below |l and surface. The transm ssivity is in the range of 1000
to 2000 ft2/day according to an aquifer test perfornmed on a well
conpleted in the aquifer. The storage coefficient is about 0. 000 1.

Water quality in the aquifer is generally poor. Leakage fromthe
under | yi ng Pal eozoic formations have caused di ssol ved solids
concentrations to typically be above 2000 ng/l. Water in this aquifer is
not of suitable quality to serve as an alternative supply to existing
wat er supplies in the Red River Valley.

Grand Forks aquifer

The Grand Forks aquifer is a snmall deeply buried sand and gravel
deposit located in the vicinity of the City of G and Forks. The aquifer
is poorly defined. The depth of the aquifer is typically 200 feet and
the thickness is probably |less than 20 feet in nost places. dacial til
and | ake clays overlie the deposit. Water in the aquifer is highly
m neralized with dissolved solids concentrations often exceedi ng 5000
mg/ 1. For this reason, the aquifer is not used as a water potable

supply.
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Sheyenne Delta Aquifer

The Sheyenne delta occupi es about 750 mi 2 in Richland, Cass,

Ransom and Sargent Counties in southeastern North Dakota. The delta is
conpri sed of sedinments transported by the ancestral Sheyenne River and
deposited into glacial Lake Agassiz during the Pleistocene Epoch. The
delta is bordered on the north and east by | ake sedi nents of gl aci al

Lake Agassiz and on the south and west by till deposits. The Sheyenne

Ri ver has eroded a vall ey about 100 ft deep through the delta deposits.
The present river channel is sinuous and incised about 15 to 25 ft bel ow
the fl ood plain.

Sheyenne delta deposits can be divided into three units: 1) a | ower
unit of silt interbedded with clay and sand, 2) an upper unit of well
sorted sand, and 3) a surficial |ayer of w nd-blown sand. The | ower
silty unit is thickest near the northeastern margin of the delta and
t hi ns sout hwestward. The upper sand unit is thickest near the
sout hwestern margi n and thins northeastward. The Sheyenne delta aquifer
is conprised of the upper unit of well-sorted deltaic sand and overlying
wi nd- bl own sand.

The Sheyenne delta aquifer is unconfined. An estimated 4 to 8 in of
the annual 20 in of precipitation infiltrates as recharge to the
aqui fer. Ground-water discharge fromthe aquifer occurs primarily as
groundwater inflow to the Sheyenne River and evapotranspiration. Depth
to the water-table fluctuates between 2 to 10 ft bel ow ground surface
dependi ng on precipitation and evapotranspiration. Hydraulic gradients
range fromas gentle as 5 ft per mle within the central portion of the
aquifer to as steep as 100 ft per mle adjacent to the Sheyenne River
val | ey.

Estimated transm ssivity of the Sheyenne delta aquifer ranges
bet ween 288 and 1200 ft2 per day, based on an average saturated
t hi ckness of 40 ft and hydraulic conductivities of 7.2 and 30 ft per day
for very fine to fine sand and fine to nmedium sand, respectively. Well
yi el ds range between 250 to 500 gpmin the southwestern portion of the
aqui fer and decrease to 50 to 250 gpmin the eastern and northern
portions of the aquifer. Water fromthe Sheyenne delta aquifer is a
cal cium bi carbonate type with an average total dissolved solids of about
400 mg/ L.
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Currently, 61 water permts allocate an annual w thdrawal of 15, 900
acre-ft of ground water fromthe Sheyenne delta aquifer. O the 61
permts, one is for a rural water supply and the rest are for
irrigation. The greatest concentration of developnent is in the western
portion of the aquifer. The potential for future devel opnent within the
Sheyenne delta aquifer is dependent upon the follow ng factors:

The effects on existing water rights.

The effect on the existing contribution of the aquifer to the base-
fl ow of the Sheyenne River.

The well yield limtations in the eastern and northern portions of
the aquifer.

The econonmic feasibility of constructing nultiple well systens.

The accessibility and potential inpacts on the National G asslands.

There is potential for additional devel opnent within the Sheyenne
delta aquifer. However, areas of future devel opnent are limted by the
exi sting devel opnent in the western portion of the aquifer, the National

Grasslands in the central portion of the aquifer, and decreasi ng well
yield in the eastern and northern portions of the aquifer.
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VWEST FARGO AQUI FER SYSTEM

The West Fargo aquifer systemis predom nantly conprised of three
separate, but interrelated aquifers. The West Fargo North (WFN) aquifer
stretches north and south. and occurs fromthe bend in 1-94 (south of
West Fargo) to several mles north-northeast of Harwood. The aquifer is
generally 1 to 1 Y2mles wde, although the aquifer is 2 to 3 mles w de
from H ghway 10 to a couple of mles north of H ghway 10. The West Fargo
South (WFS) aquifer stretches north and south and occurs from just south
of Hi ghway 10 near 45th Street SW south to the vicinity of St. Benedi ct
(about 10 mles). The aquifer is about 1 to 1 1/4 mles wide the entire
| ength. The Horace (HOR) aquifer is the westernnost aquifer of these
three, and occurs from about 6 mles northwest of Horace to the
Christine area trendi ng sout h-sout heast (a distance of about 20 to 25
m | es). Another portion of the Horace aquifer occurs between the
Christine area and two mles south of St. Benedict. The Horace aquifer
is about three-fourths of a mle to a mle in width, except for the area
near Christine where the two portions of the aquifer conme together and
the wdth is up to about 2 mles.

Al'l three aquifers are buried channel aquifers consisting of
gl acial sand and gravel deposits. The WFS and HOR aquifers are generally
found at depths of 80 to 370 feet, nmobst commonly 150 to 300 feet in
depth. The WFN aquifer occurs from 100 to 250 feet in depth, nopst
commonly 100 to 200 feet in depth.

The WEN aqui fer has been used significantly since the m d- 1930s.
Water |evels had declined fromnear |and surface to near 120 feet bel ow
| and surface by 1970. The HOR and the WFS aquifers slowy |eaked into
t he WFN aqui fer such that water |evels of the HOR and WS near the WEN
aqui fer were 40 to 50 feet below |land surface in the md 1960s, even
t hough there was no significant use of the aquifers until the 1970s.
Utilization of the WFS aquifer in the 1970s and 1980s have resulted in
water |levels declining to 60 to 115 feet bel ow | and surface dependi ng on
t he di stance from areas of higher use.

For the nost part, the water quality of the HOR, WFN, and WFS
aqui fers can be broadly characterized as poor, nedium and good,
respectively. The HOR aquifer is known to have total dissolved solids
(TDS) varying from600 to 1900 mlIligrans per liter (mgl), w th nost
anal yses about 1100 to 1350 nmgl. The WEN aqui fer has TDS val ues rangi ng
from 600 to 1500 ngl with nost anal yses about 800 to 1050 ngl. The WFS
aqui fer has TDS val ues ranging from 375 to 700 ngl with nost anal yses
about 450 to 600 ppm

The West Fargo aquifer systemis presently being studied. Wile the
study is presently in progress and nore interpretive work needs to be
done, a couple of inportant factors are becoming quite clear. Al parts
of the aquifer system are experiencing water |evel declines. The
declines are slow and not alarm ng, but the declines are historically
persi stent. The second factor is that prelimnary analysis of stable
i sotope data indicates that there is very little, if any, recharge to
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the West Fargo aquifer system These two factors indicate that the
devel opnent potential of the West Fargo aquifer systemis not prom sing.

PAGE/ GALESBURG AQUI FER

The Page/ Gal esburg aquifer covers about 400 square mles located in
three counties. In nost recent reports and nenos, this aquifer is
generally referred to as the Page aquifer. The Page aquifer occurs in
nort hwestern Cass County, southeastern Steele County and sout hwestern
Traill County. The aquifer is predom nantly unconfined in Steele and
especially Traill. counties, and is predom nantly | eaky-confined to
confined in Cass County. In Steele County the aquifer varies
significantly between 80 to 200 feet in depth with water levels of 10 to
35 feet below |l and surface. In Traill County the aquifer is generally 40
to 100 feet in depth with water |evels of about 5 to 25 feet. In Cass
County the aquifer varies significantly between 100 to 250 feet in depth
with water |evels between 5 and 75 feet.

Over this large area a nunber of different depositional
envi ronnments occur, but overall the sedinent is predomnantly fine to
very fine sand grading into silt. In sonme areas, particularly in
sout heast Steele County, there are some coarser sands that are usually
found toward the bottom of the aquifer section. In these areas wells
yi el ding nore than 500 gpm can be devel oped. In the topographically
hi gher area of Cass County the saturated thickness of the aquifer is
sonetinmes | arge enough (120+ feet) that 500-gpm wells can be devel oped
even though the aquifer material is predomnantly a very fine sand. In
Traill County the shallow, unconfined, fine-grained nature of the
aqui fer generally neans yields of a few hundred gpm at nost.

The water quality of the Page aquifer is best in Cass County al ong
a ridge of topographically high ground stretching generally north-south
about 4 mles east of Page. The poorest water quality is in Steele
County in an area between Col gate and Hope and stretching north. Even in
the areas of poorest quality, the chloride |levels do not exceed 50 ng/l,
and generally they are below 10 ng/l in value. Virtually, all of the
chem cal anal yses of water sanples taken from observation wells | ocated
in Cass and Traill. counties in the Page aquifer show chl orides |ess
than 10 ng/|.

About 15,000 acre-feet/year are allocated fromthe Page aquifer.
About 68% of this allocation lies in Cass County, 27%in Steele, and 5%
in Traill County. About 92% of this total allocation is for irrigation.
The remainder is either municipal or rural water use. There are areas in
all three counties where there is a potential for sone additional
devel opnent of water supplies, however significant portions of the Page
aqui fer in Cass County have limted devel opnent potential. Because of
the potentially lower yielding wells in Traill County, any devel opnent
there of a significant water supply would likely require nmultiple wells.
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I nkster Aquifer

The Inkster aquifer is a glacial outwash deposit which underlies a
flat to gently rolling plain. The aquifer has an overall areal extent of
about 12 to 15 square mles. The lithology of the aquifer is generally a
guartzose sand, detrital shale sand, and detrital bedrock and shield
silicate gravels. The average saturated thickness is 20 to 50 feet. The
| nkster aquifer is of simlar geologic and hydrol ogic setting as the Elk
Val l ey aquifer which lies directly to the west. The aquifers are
separated by the long ridge-like Edi nburg noraine. There does not appear
to be any direct hydraulic connection between the two aquifers.

The aquifer is for the nost part unconfined. There is typically no
thick barrier of clay to inpede the novenent of water fromthe surface
to the water table. The water table is generally 5 to 20 feet bel ow | and
surface. The soils overlying the aquifers are generally sandy and highly
transm ssive. The soils readily absorb snownelt and carry water to the
aqui fer as recharge. Also, summer and fall surplus rainfall, not taken
by evapotranspiration, is recharged into the aquifer.

As a result of the highly perneable soils, there is little surface
drai nage over nost of the aquifer as nost of the surplus water is
absorbed and noves downward rather than | eaving as runoff.

Di scharge fromthe aquifer occurs mainly by evaporation and pl ant
transpiration during the growi ng season. Also, natural discharge occurs
t hrough springs and seeps where the North Branch of the Forest River
transects the aquifer. A third neans of discharge occurs fromthe
punmpi ng of high capacity wells for irrigation and rural water supply
pur poses.

Wat er sanpl es obtained fromthe aquifers indicate a fairly good
water quality. The TDS concentration is generally about 500 ng/l in this
part of the aquifer. Sodium values are |ow, usually under 50 ny/l.

An aqui fer test was perforned on a well |ocated at 154-055-23baa.
The test was done on the "Groth" well in 1965. The aquifer paraneters
whi ch were cal cul ated fromthe 4500 m nute test ranged from T=5500 to
9200 ft2/day and S = .13 to . 22.

There are currently 12 active water permts which allow w thdrawal s
fromthe Inkster aquifer for a total of 3586 acre-feet appropriated.
I rrigation accounts for 83 percent.

Water | evel declines as a result of the water supply devel opnents
are very apparent. Because of the large existing appropriation fromthe
aquifer in relation to its size, the Inkster aquifer should not be
considered as a viable alternative source of supply for existing
suppl i es.
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El k Vall ey Aquifer

The El k Val l ey aquifer occupies about 200 square mles in the
western portion of Grand Forks County. The aquifer was deposited during
the Pl ei stocene epoch and is part of the Elk Valley Delta (Kelly and
Paul son, 1970). The delta fornmed as eastern flow ng drainage flowed into
the western margin of the glacial Lake Agassiz basin. Lake Agassiz is
dated in the latter part of the Pleistocene epoch about 10,000 to 15, 000
years before present (Hansen and Kunme, 1970). The aquifer is underlain
by glacial drift deposits. The aquifer is bounded by the Penbina
escarpnent to the west, the Forest River on the north, and the Edi nburg
moraine in the northern portion of the east side. The aquifer pinches
out in into the surrounding glacial drift deposits along the remaining
perimeter on the south and east.

There is a general gradation fromcoarser materials in the north to
finer materials in the south. The aquifer is generally unconfined with
water table depths typically 5 to 15 feet bel ow | and surface. Soils on
t he point of diversion are generally sandy |loans (Arvilla and | nkster
series, Grand Forks County Soil Survey). These perneable soils al ong
with the perneabl e aquifer deposits allow rainfall and snownelt to be
readi |y absorbed as recharge.

Ground water flow patterns are dom nated by the di scharge areas of
the aquifer. The two predom nant discharge nmechanisms of the Elk Valley
aqui fer are springs and evapotranspiration. Springs and seeps occur
wher e drai nage depressions of rivers and ditches intersect with the
wat er table of the aquifer. Evapotranspiration occurs where the water
table is within a few feet of |and surface such as around nmarshes and
sl oughs (Kelly and Paul son, 1970).

Four aquifer tests have been conducted on wells in the Elk Valley
aqui fer. The tests indicate that the transm ssivity ranges from about
1,000 to 10,000 ft2/day. The specific yield ranges from about 0.12 to
0. 20.

Wat er sanpl es obtained fromthe aquifer indicate a fairly good
water quality in nost of the aquifer with Total Dissolved Solids (TDS)
concentrations generally about |ess than about 500 ng/l. Hi gher TDS
concentrations occur in the southern portion of the aquifer.

Presently, there are 63 permts which allocated 15,738 acre-feet of
water fromthe Elk Valley aquifer. Irrigation water accounts for about
82 percent of the permtted appropriation. There are 37 permtt
applications totaling 14,152 acre-feet of water fromthe El k Vall ey
aqui fer pending at the present time. Many of these applications have
priority dates which date back to 1990 and 1991. G ven the high |evel of
exi sting devel opnent and the current nunber of pending water perm:t
applications, the Elk Valley aquifer should not be considered as a
possi bl e alternative source for existing municipal water supplies in the
Red River Valley.
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